Intra-plant transport has an important role in the systems of enterprise logistics. At present, automated transport systems (AGV) are used for its efficient operation, with minimal operator attendance. For the proper and reliable functioning of such a transport system, there is currently a wide range of methods, of which the method of computer simulation is increasingly dominant. In the application, however, it is necessary to take into account that the functioning of AGV systems is a very demanding process with high demands on the used simulation software. Within the article, it will be described the use of the method of additional programming, as an effective tool in the creation of a simulation model of the AGV system for the need of its planning. The model presents the possibilities of increasing of the output of the analyzed production process to more than 70%, and at the same time it indicates insufficient use of workplaces that in one case reaches the value about 10%. The application of this model pointed to the reduction of the number of workplaces by one and with this related increase of output of other workplace.
Introduction
Automated Guided Vehicles (AGV) are currently a part of many technological units, where they significantly contribute to the efficiency of ongoing processes. Different methods and approaches are used by their design and planning, for example, fuzzy logic and genetic algo-rithms [1] . They are also used for the solution of tasks associated with for example with coordination of operation [2] or orientation of transport route [3] . Mathematical models are mainly used in the design of the effective operation of AGV systems [4] . The operation of AGV systems must often be coordinated with business planning [5] . For this reason, it is needed to take into account information from ERP systems [6] .
Another important criterion associated with the operation of AGV within intra-plant logistics is the harmonization of their activities with various handling devices [7] . However, the application computer simulation tools and also tools of computer simulation have an important role, for example, application of the method Monte Carlo [8] . For the application of computer simulation within the operation of AGV systems, it is necessary to emphasize the used simulation software [9] [10] [11] . This is because such demanding simulation models cannot handle all available simulation programs. At present, the software Tecnomatix Plant Simulation presents an exceptionally suitable program of which application will be presented by the help of a specific example, with using the method of additional programming by the program SimTalk.
The method of additional programming within the program Tecnomatix Plant Simulation has a wide application in the area of AGV. Fedorko et al. [12] used this method to simulate container handling with AGV. Within this research they applied specific programming commands in the language Simtalk, which enabled detailed creation of the simulation model and realization of subsequent experiments and analyses. This reflect the fact that the program Tecnomatix Plant simulation has specifically oriented blocks and commands that are designed for the area of AGV. At the same time, they directly support the use and support of complementary programming [13] . In general, it is possible to state, that the simulation approach in the area of AGV presents an effective tool for the field of analysis and optimization of transport chains by application of transport systems on the base of AGV [14] [15] [16] .
1 -input gate, 2 -delivery entry, 3 -unloading of delivery, 4 -import, 5 -route of the logistics train, 6 -shelf, 7 -machining of components, 8 -shelf, 9 -assembly of components, 10 -end of line, 11 -shelf, 12 -export, 13 -loading, 14 -output gate The simulation model ( Figure 1 ) presents the production of gearboxes and consists of three main parts. The model also includes a logistics train for supplying of workplaces. The first main part of the model is the input store which consists of input gates for individual components. It also consists of unloading and import zones from which the components go into production.
The second main part of the simulation model is presented by production with workplaces with machining centres. An important part of production supplying is the logistics train which supplies all workplaces in the model. It is also used to transfer finished products from production to the third main part of the simulation model.
Parts of the gearbox are transported from the input store by logistics train to individual workplaces where they are processed. Subsequently, the machined parts are transferred in front of the assembly line where complete gearboxes are mounted. At the end of the assembly line "end The part of the simulation model, with the title input store, presents the material entry to the enterprise (Figure 2 ). The components are supplied from different suppliers within fixed periods. The final product consists of three parts, which present gear-wheels, shafts and gearboxes in the simulation model.
The block named Generator 1 presents the supplier that supplies gear-wheels. This supplier supplies gearwheels at 10 minutes interval. Using additional programming by SimTalk it was created a method for definition of the number of wheels in one batch. (Figure 2) . The method includes a cycle with the statement "MUs.wheel.create(gate1)" which will generate a defined number of wheels for the gate 1.
Generator 2 presents the supplier that supplies the shafts. Because for the assembly of one gear-box we need less number of shafts as wheels, the interval of delivery of the same number of shafts is extended. Generator 3 presents the third supplier who supplies gear-boxes. The principle of delivery is the same as that of previous suppliers.
The first step is to unload the components from trucks. Unloading can be realized by employee, forklift or conveyor. In this model, this process is presented by the object Singleproc (unloading, unloading 1, unloading 2 and unloading 3).
Unloading of all three components has a different duration. The time of unloading 1 of gear-wheels is 80 seconds. Because it is needed to unload the largest amount of the component in comparison to the others, it was needed to add another employee for unloading of gear-wheels for the balanced and optimized supply of products to the production of all three components. Duration of unloading 2, with the unloading of shafts from the gate 2, is 120 second. Duration of unloading 3 is 60 second. Unloading 3 presents unloading of gear-boxes. Subsequently, the components are stored and ready for transfer to production.
Logistics train
The logistics train is used in most production enterprises and operates on the principle of components loading in the input store and unloading at individual workplaces in the production. The effort is to maximize the capacity of the truck. There are places of loading import 1, import 2 and import 3 and defined places of unloading shelf 1, shelf 2 and shelf 3 in this model. The logistics train (Figure 3 ) directs along its route to the shelf 4, where it loads the finished products and moves them to the exit store.
Furthermore, the logistics train ( Figure 3 ) is directed along its route to the rack4, where it loads the finished products and moves them to the exit store.
The train has default capacity and load capacity. The towing vehicle is the towing vehicle to which the transporters are connected. The capacity of one transporter is 
Sub-model production
The main production operations take place in this part of the simulation model (Figure 4) . The main production operations include the machining of components and their subsequent assembly. After the complete assembly of gearbox, the next step is its testing. The final products are then transported by a logistics train to the output store. The creation of individual entities in the shelves and in the input store is realized by the method (Figure 4) . The created entities are passive elements that cannot perform activities or movements. Therefore, it is necessary for their transport to use for example workers or transport means. At the beginning of simulation, it is needed to define the initial states of the entities, so that after the simulation starts production to be able to produce.
Subsequently, the components are machined at different times, the processing time for the wheels is 45 second, the processing time for shafts is 180 second and the processing time for gear-boxes is 85 seconds. After the machining of the component, it is necessary to pre-store them. It was used the block buffer for their placing. This block may not only present a store, but it may also present an area, a free space, a shelf, store, and others. In this block, components can be stored for a specified time. The components are machined at different processing times and therefore it is needed to store them in a certain location.
Blocks are connected by connectors. The block Assembly is used for the assembly of the components. The table for assembly ( Figure 5 ) is set in a way that from the predecessor 1 is a required number of entities 4. From the predecessor 3 is needed a number of entities 2. The main predecessor is 1. By setting off the main predecessor, it is removed the number of entities in number 1. By connection of the required entities that present all components, a new entity is created and this presents the assembled gearbox. The gearbox is further moved to blocks endofline1 and endofline2. These blocks present the final check. Consequently, the finished products may leave the production. They wait for loading to the logistics train in the block shelf 2.
Output store
The final part of the simulation model is the output store with finished products (Figure 6 ). In the output store, the products are reloaded from the train to the block Buffer, specifically export, i.e. to a certain place (store, shelf), from which they are subsequently loaded and delivered.
Use of the system Kanban in the simulation model
The supply of entities from the input store to the production is controlled by the principle of the system Kanban.
Entities are moved on the logistics train in the number required for production. After input of the entity to the production, the requirement for delivery of the entities to the production is deducted. Subsequently after entity machining, in the buffer, the requirement for suppliers of entities to production is added and sent to the input store, where by the requirements of the production, the entities are transported to the logistics chain. For the given requirements, in the simulation model were created methods with a specific statement. The statement for deduction of the input entity of wheels to the production is as follows A: = A-1. For deduction of the entities of shafts is the statement B : = B -1 and for gearboxes C : = C -1. Requirements for supplies from the input store. The methods for adding entities are specified by output from the blocks Buffer before assembly. For the wheels A : = A + 1, shafts B : = B + 1 and gearboxes C : = C + 1. Presentation of requirements changes depending on the produced products. After the first run of the logistics train, the requirements are loaded to the logistics train. Requirements can be sent electronically by scanning of QR codes from entities. The scanned data are sent to the 
Results
For the need of intra-plant transport operation planning by AGV simulation experiments were realized with the model. Within the real process of supply, various anomalies occurred that had to be eliminated and optimized. All workplace, stores and objects were monitored by graphs.
One of the accrued anomalies was insufficient utilization of workplaces, machining and an insufficient amount of input stocks. Increase of workplace utilization was achieved by increasing the number of input supply in shelves. Initially, an amount of 10 was added from each en- tity, but the utilization of workplaces changed minimally. The next step was to increase the number of entities by 30. In this case, the utility of workplaces increased and utility was not under 70%. The graph (Figure 7) presents that the utility of the workplace was not higher than 50% and adding of initial input entities increased the utility of workplace to more than 70% (Figure 7) .
The graphs also present that the workplace with the title machining 5 is maximally utilize compared to another workplace. The workplace machining 5 did not manage machining the entities and blocking assembly. The next simulation experiment was adding workplace for machining of entities from the shelf 3, adding a workstation the production run more smoothly and not block assembly. It is not necessary to achieve maximal utility at workplaces because after machining is the process of assembly which is sufficiently supplied.
By the help of the graphs in the monitored simulation model, it was found that the utilization of workplaces is not optimal. The workplace EOL2 is utilized at approximately 10% (Figure 8) . The suitable solution for optimization of workplaces was removal the third workplace EOL2. After the removal of the third workplace EOL2, it was achieved the better utilization of the workplaces EOL and EOL1 (Figure 8 ). The workplaces work after these changes at about 70%.
Conclusion
Planning of intra-plant transport operation presents a challenging process that needs to reflect different types of criteria and parameters. Nowadays, by reason of the complexity and scale of logistics systems, it is needed to use simulation approaches that are realized by functional simulation tools. On the part of achievement the details of the modelled processes, it is particularly desirable, that these tools dispose of considerable variability and customization. These tools are also presented by the application of the method of additive programming. This helps to create simulation models for the need for detailed analysis of individual processes, identification of critical points and finding of optimal solutions. The paper by the presented example points out to the fact that this type of simulation model can increase the performance of a complex logistics system by up to 70% and reduce the number of workplaces, in this case by one, by using the additional programming method. The paper deals with the previous research of authors which was focused on the possibility of applying the method of additional programing and its direct use in the field of intraplant transport system using AGV. In the future, the research is focused on examination of possible variability of models, automating scripting in the program SimTalk and accelerating the creation of reliable and valid simulation models. The aim of the research will be an overall acceleration of the whole process which this method can implement in practice.
